In this paper, we analyse Pakistan's political risks and events that have affected the country's stock markets since 1947. We collected data in the form of questionnaires from historians, economists, politicians, government officials, bankers and stock market analysts in Pakistan and make forecasts using Bayesian hierarchical modelling and Markov Chain Monte Carlo (MCMC) techniques. Findings show that the probability of an event in any year is relatively high with an average arrival rate of 1.5 events per year with no time trend. In addition, forecasts suggest that the level of political risk should be remaining unchanged for the foreseeable future. Finally, we find that Pakistan's political risk carries a risk premium of between 7.5% and 12%.
Introduction
Political events can have a dramatic effect on stock market performance. Consider, In this paper, we look at Pakistan and the political events that have affected its stock markets. We measure Pakistan's political risk and its evolution since independence with respect to the stock market and estimate the cost of this risk in terms of a financial risk premium. In fact, Pakistan is a country particularly suited to political risk analysis. Created in 1947, it is strategically located at the crossroads of Iran, Afghanistan, India, China and the oil-soaked sands of the Gulf States. Al Queda, the Taliban and the war on terror are recent developments that have popped Pakistan to prominence on the international political stage. Not so long ago, the source of its celebrity was war with India, secession and the atomic bomb. More importantly, Pakistan is something of an economic success story. Since the last world war, Pakistan's growth has been the fastest in South Asia. Since 1947, gross national product has increased on average by over 5% a year. Pakistan started behind India at the time of independence, but today, in spite of a high rate of population growth, its income per capita is 60% higher than its neighbour. Pakistan's prosperity has been nourished by a flourishing stock market. Over the past two decades, per capita income and stock market capitalisation have more than trebled. Political risk, however, has always been an impediment to Pakistan's prosperity, in general, and to stock market performance, in particular.
More recently, however, Pakistan's political risk and its consequences have become the object of intense interest owing to Pakistan's high profile role in the war on terror.
There are two major opinions for the definition of political events. Some authors such as Robock (1971) and Haendel et al. (1975) , Kobrin (1979) or more recently Feils and Sabac (2000) focus on political risk as it affects the volatility of an investment's overall profitability both negatively and positively. Other experts such as Root (1973) , Simon (1982) , Howell and Chaddick (1994) , Roy and Roy (1994) adopt a more practical stance and analyse risk as an explicit negative event that causes an actual loss or a reduction in the investment's expected return. Tests of political risk on investment outcomes reflect these two approaches. Kim and Mei (2001) , Chan and Wei (2002) , Cutler et al. (1989) and Bittlingmayer (1988) consider political risk with respect to stock market volatility. Other papers, such as Erb et al. (1995 Erb et al. ( , 1996 , Cosset and Suret (1995) , Bekaert (1995) and Bekaert and Harvey (1997) , focus on losses and test political risk with respect to stock market performance. In this paper, we adopt the second perspective and focus on political risk as an explicit negative event that causes a loss or a reduction in the investment's expected return.
As Bouchet et al. (2003) have emphasised, political risk is notoriously difficult to identify and measure, given its heterogeneous nature and irregular arrival patterns.
Identification of political risks is especially difficult and requires an in-depth knowledge of a country's customs and traditions as well as its political, economic and social organisation. For Pakistani political risk, we identify the major political events that have influenced Pakistan's stock market since 1947 by collecting primary data in the form of questionnaires from prominent historians, economists, politicians, government officials, investors, senior bankers, stock market analysts and other individuals involved in the Pakistani stock markets. We then analyse this data and make forecasts using Bayesian hierarchical modelling and Markov Chain Monte Carlo (MCMC) techniques. The Bayesian/MCMC approach, to our knowledge the first application of its kind in political risk analysis, is well adapted to the field of political risk where events are rare and data is sparse, conditions that make the standard methodologies applied in financial econometrics unsuitable.
We offer several contributions to the literature. First, we identify the major political events that affected the Pakistani stock markets since 1947. Second, we find that the probability of an event in any year is relatively high with an average arrival rate of 1.5 events per year. Third, there is no time trend in the arrival rate, thereby suggesting that the frequency of political events is neither increasing nor decreasing over the period. Finally, forecasts based on the latest data suggest that the level of political risk will remain unchanged for the foreseeable future. Finally, we estimated the cost of Pakistan's political risk in terms of a financial risk premium.
The rest of the paper is organised as follows. In Section 2, we present the Pakistani stock markets. Section 3 describes the methodology for collecting the data, the data, and the Bayesian/MCMC modelling technique. Section 4 presents the empirical results and Section 5 gives final remarks.
Pakistani stock market
Pakistan has three stock exchanges. The Karachi Stock Exchange (KSE), established in 1947, is the oldest and most important, followed by the Lahore Stock Exchange (LSE), set up in 1970, and the Islamabad Stock Exchange (ISE), which commenced its operation in 1992. After its founding on 18 September 1947, the KSE was converted and registered as a Company Limited by Guarantee on 10 March 1949. Initially, 90 members were enrolled. However, only half a dozen of them were active as brokers. Similarly, only five companies were listed with a paid-up capital of Rs. 37 million. Now, the KSE has emerged as the key institution of the capital market of Pakistan (see Meenai, 2005) . Table 1 The KSE began with an index composed of 50 companies. As the market grew, a representative index was needed. On 1 November 1991, the KSE-100 was introduced and remains to this date as the most generally accepted measure of the Exchange. The KSE-100 is a capital weighted index and consists of 100 companies representing about 88% of the Exchange's market capitalisation. It was recomposed in November 1994. In 1995, the need was felt for an All Share Index to reconfirm the KSE-100 and also to provide the basis of index trading in futures. The KSE All Share Index was introduced in September 1995 (Khan and Lubna, 2001) 1 .
In Figure 1 
Data
The data presented in Table 3 was collected using a survey-based methodology from 200 prominent individuals 2 in Pakistan who were asked to identify events in the history of Pakistan, which have influenced the Pakistani stock market 3
. From the data collected, we were able to identify the major events starting from 1947. 1947 1948 1951 1955 1956 1958 1965 1969 1970 1971 1972 1973 1977 1979 1985 1988 1990 1992 1993 1996 1997 1998 1999 2001 2002 2006 Creation Here is where MCMC proves itself as one of the best computational engines in applied statistics. The procedure can be outlined as follows.
In Bayesian hierarchical modelling, the model is specified on several layers. For example, generically denoting the vector of all data by y, the vector of all parameters
By φ 4 and a probability density function by p, we first provide a likelihood distribution p(y | φ) and an a priori distribution for the parameters p(φ). Then, using Bayes' law it is true that
where signifies that the relationship is true up to a proportionality constant. This process may continue hierarchically with further prior parameters associated with φ.
The models in this paper are all Bayesian.
The inference process involves defining the model and specifying the parameters.
For example, the Poisson-Gamma (PG) model could be defined as follows
where a1, a2, b1, b2 are constants that are chosen to specify the degree of information that the analyst has about the parameters α and β. Since most of the time there is no precise information available, these values must be chosen such that the resulting Gamma distribution has a wide range of likely values. The model postulates that the number of events in each year are conditionally independent draws from the same Poisson distribution with arrival rate θ, which is also a random draw from a Gamma distribution with parameters α and β.
For this model, the joint posterior distribution of all parameters is
The marginal posterior distribution for each parameter (or group of parameters) of interest can be identified by collecting all factors containing that parameter from the joint posterior distribution. Thus To obtain inference, the analyst samples from values from the posterior distributions via simulation techniques such as MCMC. The first step is to ensure that the simulated chain or chains are stationary. Although it is theoretically impossible to be 100% sure that the chain has converged, a series of tests, measures and exploratory graphical investigations are conducted prior to any inferential calculations. Figure   2 (a) shows the autocorrelation plots. If the simulated Markov Chain is mixing very slowly, i.e., it is sticky to some part of the distribution but fails to cover its proper range, then these plots indicate a high degree of autocorrelation for large lags. Here, it is obvious that there is no such problem. Gelman and Rubin (1992) statistics is used for verifying stationarity, as generalised by Brooks and Gelman (1998) , and illustrated in Figure 2 (b). Two chains were used starting from overdispersed values and the inference sample is sometimes thinned (taking every 5th value from the sample) so that more independent values from the posterior densities are employed for calculations. Convergence is indicated by the fact that the parallel lines say together in a very narrow band around the level of 1. Perhaps, the crudest method of inspection of whether the simulated chain has converged is to look at the multiple chain trace plots for the monitored nodes. This type of plot is exhibited in Figure 2 (c).
Lack of convergence is indicated when the paths of different simulated chains are going in totally different directions or when there is no direction of stability, such as the chain going always upwards for example. Here, it seems that there is no problem with convergence and therefore inference can be extracted from a sample simulated after this burn-in period. The last line of the model specification acknowledges our lack of any prior information about the regression coefficients that are treated as random variables.
The parameterisation of the normal distribution is in terms of precision, which is the inverse of variance. Implemented in this way, a very small precision means a very large variance leading to a very flat normal distribution similar to a uniform distribution over a very large range. The joint posterior distribution of the parameters of interest, the regression coefficients a and b here, is
For forecasting purposes, we use two non-standard models described by Scollnik (2001) .
The first employs the Zero-Inflated Poisson (ZIP) distribution given by
The second is based on the Generalised Poisson (GP) distribution as proposed by Consul (1989) and is described by These models can be used to estimate the probability that in the future there will be 0 events, 1 event, 2 events and so on. Here, the probability of seeing a large number of events, although non-zero mathematically is zero. That is, the probability mass distribution function produced by these models has smaller and smaller probabilities in the right tail. Therefore, one may decide to consider only a sufficient number of probabilities. In the next section, only the first eight probabilities are reported.
However, from a methodological point of view, there is no problem in estimating more probabilities if needed.
Empirical results

The MCMC
The beauty of MCMC is that once a sample is available from the posterior distribution of all parameters, then it is straightforward to calculate any function statistic. Table 4 gives the results for the GP model from the Pakistani sample data for the mean, the standard deviation, the median and the quantiles defining the 95% credibility interval of theta, the arrival rate. The whole posterior distribution of this parameter is depicted in the Appendix, together with the posterior distribution of the other two parameters, alpha and beta, describing the model. The next question we ask is whether there is any time trend in the arrival of political events that impact on the Pakistani stock markets. For this, we use the PTT model and look at the coefficient of b. If the coefficient of time b has a credibility interval that does not include the value 0, then it is significant. The same principle applies to any parameter of interest. Table 5 shows that the 95% credibility interval 7 for the coefficient b contains zero, and thus we may conclude that this coefficient is not significant. Therefore, there seemsto be no time trend in the arrival rate of political events in Pakistan. This means that although it has been relatively high, political risk has also been relatively stable over the period. Given the turbulent international economic and political situation starting from 1994 with the 'Tequila Crisis' and ending with 11 September 2001, this result might be better than it seems.
We now turn to the ZIP and GP models to estimate the probability of 1, 2,...,8 events.
The Bayesian inference for ZIP and GP models are summarised in Tables 6 and 7 
The risk premium for political risk
To calculate the risk premium for political risk, we follow Clark (1997) where the cost of political risk is measured as the value of a hypothetical insurance policy that pays all losses owing to political events, and the value of the investment is equal to its value estimated without political risk minus the value of the insurance policy.
Consider the following notation: Using the discounted dividend model, the observed stock market value can be written as
Substituting equation (10) and (11) into (9) and rearranging gives
From equation (12), we can see that the risk premium owing to political risk is equal to λJ. Based on the foregoing MCMC results, we know that  = 1.5. We estimate J as the average loss owing to the political events cited above and find it is between 5% and 8% of the value of the stock market. 8 Thus, the risk premium owing to political risk λJ is between 7.5% and 12%.
Conclusion
In this paper, we have identified the major political events that have influenced Pakistan's stock market since 1947. We have collected primary data in the form of questionnaires from prominent historians, economists, politicians, government officials, investors, senior bankers, stock market analysts and other individuals involved in the Pakistani stock markets. Then, we analysed collected data and made forecasts using Bayesian modelling and MCMC techniques, which are well adapted to the field of political risk where events are rare and data is sparse. We find that the probability of an event in any year is relatively high with an average arrival rate of approximately 1.5 events per year. Interestingly, we find that there is no time trend in the arrival rate, thereby suggesting that the frequency of political events is neither increasing nor decreasing over the period. Forecasts based on the latest data suggest that this situation should continue for the foreseeable future. We find that the risk premium owing to political risk is very large, lying somewhere between 7.5% and 12%. Khan and Lubna, 2001 ).
2 Prominent individuals include: Historians, economists, politicians, government officials, investors, senior bankers, stock market analysts and those individuals who play a major role in influencing the Pakistani stock markets.
3 The detailed questionnaire is presented in the Appendix.
4 A missing data observation can be considered as a parameter in the context of Bayesian modelling.
5 Note that this sample is made of values that are correlated. Nonetheless, the sample is large enough to cover the whole density range and the lack of independence does not affect in any way the inference. If some sort of independence in the sample is desired then the sample can be thinned by retaining from the sample every kth value.
6 Jump-diffusion models and Levy processes can capture the effects of discrete jumps 7 The credibility interval is the Bayesian equivalent of the confidence interval in classical econometrics.
